A thin layer chromatography (TLC) method was developed for the detection of fumonisin B 1 and B 2 in corn and corn-based feedstuffs. Finely ground samples were extracted with acetonitrile : water (1: 1), filtered, and applied to C 18 cleanup columns. The columns were washed with 1% aqueous KCl followed by acetonitrile : 1% aqueous KC1 (1:9), and the fumonisins were eluted with acetonitrile : water (7:3). The eluants were concentrated and spotted on reverse-phase C 18 TLC plates along with fumonisin B 1 and B 2 standards, and the plates were developed in methanol : 4% aqueous KCl (3:2). The fumonisins were visualized by spraying the TLC plates successively with 0.1 M sodium borate buffer, fluorescamine, and 0.01 M boric acid. The plates were then dried and examined under longwave ultraviolet light. Fumonisin B 1 and B 2 appeared as bright yellowish-green fluorescent bands at R f s of 0.5 and 0.1, respectively. The detection limit for the fumonisins on the TLC plate was 0.1 ppm in corn. Recoveries from spiked samples averaged >80%. The identification of the fumonisins was confirmed by hydrolyzing the parent compounds of B 1 and B 2 to their respective C 22 amino-alcohols and reexamining by TLC with the same visualizing reagents. This procedure was used to survey 193 corn samples collected from University of Missouri test plots in 1990 for fumonisin B,. Fumonisin B 1 was detected in 15% of the corn samples.
The fumonisins, a new class of mycotoxins, have been isolated and characterized from toxic cultures of Fusarium moniloforme 1, 2 and Fusarium proliferatum. 9 One of the first reports of the natural occurrence of the fumonisins described the identification of the fumonisins in corn from Transkei, Republic of South Africa. 12 Recent studies have shown fumonisin B 1 to be responsible for equine leukoencephalomalacia (ELEM) 5, 6 and swine pulmonary edema. 3 In the United States, fumonisin-contaminated corn screenings have been associated with cases of ELEM [7] [8] [9] 13 and swine pulmonary edema, 3, 9 but only limited information is available on natural occurrence and levels of incidence of the fumonisins. A number of analytical procedures for fumonisins in corn and corn products, including thin layer chromatography (TLC), high performance liquid chromatography (HPLC), and gas chromatography/ mass spectroscopy (GC/MS), 8, 10, 12, 13 are available, but all are of limited value or not readily available for extensive monitoring of fumonisin contamination in corn. In this report, a rapid and sensitive TLC procedure for detecting fumonisin B 1 and B 2 in corn and corn-based feeds is described. This procedure was used to document the natural occurrence of fumonisin B 1 and B 2 in Missouri's 1990 corn harvest.
Materials and methods
Sample collection. Corn samples (approximately 450 g) were collected, as part of an ongoing mycotoxin monitoring program, from the University of Missouri experimental test plots. Samples were labeled by location and hybrid. Dry land test plots were located in Knox (northeast), Saline (west central), and Warren (east) counties. Irrigated test plots were located in Boone (central), Barton (southwest), and Scott (southeast) counties. A diverse group of 10 or 11 hybrids (3 replicates) was collected from each of the 6 test sites. Samples (193 total) were dried for 6 days at 60 C in large forced-air drying ovens and finely ground a for fumonisin analysis.
Extraction and cleanup. The procedure was a modification of a previously described method. 13 Fifty grams of finely ground sample was placed in a widemouth polypropylene screw-cap bottle with 100 ml acetonitrile : water (1: 1) and placed on a wrist-action shaker b for 30 min. The contents were allowed to settle, and a 10-25 ml aliquot of the solvent extract was decanted and filtered. c A C 18 cleanup column d was preconditioned with 5 ml methanol followed by 5 ml 1% aqueous potassium chloride (KCl). Two milliliters of the filtrate was combined with 5 ml 1% aqueous KCl and applied to the column. The column was washed with 5 ml 1% aqueous KCl followed by 2 ml acetonitrile : 1% aqueous KCl (1:9), and the eluants were discarded. The fumonisins were eluted with 4 ml acetonitrile : water (7:3), and the column eluant was evaporated to dryness under a stream of air on a heating module e for TLC analysis.
Thin layer chromatography. The sample residue was dissolved in 100 µl acetonitrile : water (1:1), and 10 µl was spotted on a C 18 TLC plate f along with 10-µl fumonisin B 1 and B 2 standards g (5, 10, and 100 ppm) dissolved in acetonitrile : water (1:1). The TLC plate was developed in methanol : 1% aqueous KCl (3:2), air dried, and sprayed with 0.1 M sodium borate buffer (pH 8-9) followed by fluorescamine h (0.4 mg/ ml in acetonitrile). After 1 min, the plate was sprayed with 0.01 M boric acid : acetonitrile (40:60). The plate was then air dried at room temperature and examined under longwave UV light. Fumonisin levels were estimated by visual comparison (bracket results) with standards.
Confirmation. The remaining sample residue (4.5 g equivalents) and fumonisin B 1 and B 2 standards (100 µl of 10 ppm) were hydrolyzed with 2 N KOH for 1 hr at 60 C. 8 The reaction mixtures were each extracted with 1 ml ethyl acetate, the ethyl acetate was taken to dryness e and the residues were dissolved in 100 µl acetonitrile : water (1: 1). Ten microliters was spotted on a C 18 TLC plate. The TLC plate was developed in methanol : 4% aqueous KCl (4: 1) and air dried. The plate was sprayed as above and examined under longwave UV light.
Antalytical methodology. Fumonisin B 1 and B 2 were quantitated by HPLC using a modification of a previously described procedure 13 for spike recovery studies and confirmation of corn survey samples. The fluorescamine derivatives of fumonisin B 1 and B 2 were prepared by treating 100 µl of the eluant with 100 µl of borate buffer (0.1 M, pH 8-9) followed by 100 µl of fluorescamine (0.4 mg/ml in acetonitrile) in a 1-dram brown glass vial. The mixture was allowed to react at room temperature for 1 min, then 0.5 ml of acetonitrile : 0.01 M boric acid (40:60) was added. Twenty microliters of the reaction mixture was injected onto an HPLC equipped with a fluorescence detector (excitation 390 nm, emission 475 nm) and a 3-cm C 18 (3 µm) analytical column. i The mobile phase was acetonitrile : 1% aqueous KCl : acetic acid (40:59:l). Quantitation was measured as peak height relative to fumonisin B 1 and B 2 standards.
Results
This procedure was developed for rapid analysis of corn and corn-based feedstuffs for fumonisin B 1 and B,. The fumonisins were readily extracted and filtered using acetonitrile : water (1: 1) as the extraction solvent. Dilution of 2 ml extract with 5 ml 1% aqueous KCl retained the fumonisins on the C 18 cleanup column. Washing the column with acetonitrile : 1% aqueous KCl (9:1) removed a number of matrix interferences and allowed the fumonisins to be quantitatively eluted with acetonitrile : water (7:3). 13 Overall recoveries of fumonisin B 1 and B 2 added to corn at concentrations ranging from 5 to 200 ppm averaged >80% using this procedure. Fumonisin B 1 and B 2 were readily resolved by reverse-phase TLC with methanol : aqueous 4% KCl. The fumonisins were visualized on the TLC plate as their fluorescamine derivatives under longwave UV light. Fumonisin B 1 and B 2 appeared as bright yellowish-green fluorescent bands with R f s of 0.5 and 0.1, respectively (see cover photo). The detection limit for the fumonisins was approximately 0.1 ppm in corn and slightly higher (0.5-1.0 ppm) in corn-based feedstuffs.
A similar approach was used for confirmation. The remaining sample from the spotting extract and 1 µg of fumonisin B 1 and B 2 were hydrolyzed with 2 N KOH and separated by TLC with methanol : 4% aqueous KCl (4:1). The fluorescamine derivatives of the C 22 aminoalcohols of fumonisin B 1 and B 2 appeared as bright yellowish-green fluorescent bands at R f s of 0.8 and 0.6, respectively.
A survey was carried out in cooperation with the Agronomy Department at the University of Missouri to determine the frequency and levels of occurrence of fumonisin B 1 in the 1990 Missouri corn harvest. A total of 193 samples from University test plots were collected and analyzed for fumonisin B 1 using this TLC procedure. Fumonisin B 1 was detected in 15% of the corn samples ( Table 1 ) at levels of 0.1-5 ppm. These levels were confirmed by HPLC analysis. 13 Fumonisin B 2 was observed at low levels in some samples, but no attempt was made to measure its concentration. At the Barton County location, 43% of the corn samples had detectable levels of fumonisin B 1 , whereas at the Boone County site, only 3% of the samples had detectable fumonisin B 1 .
Discussion
Although a number of methods for determining the fumonisins in corn and corn products have been reported, 8, 10, 12, 13 our laboratory needed a sensitive method that was suitable for rapid screening or extensive surveys. The TLC method described here combines a rapid extraction and cleanup procedure 9 with a sensitive fluorescamine derivatization procedure 2,9 for detection of fumonisin B 1 and B 2 . Prior published procedures have used C l8 disposable cartridges for sample cleanup. The C 18 cleanup columns were adequate for our TLC screening procedure. No attempt was made to evaluate other brands of solid phase extraction cartridges or columns. Previously reported TLC procedures have used silica ge 14, 12, 13 or reversed phase 2 chromatography with 0.5% p-anisaldehyde in methanol : acetic acid : sulfuric acid for detection. The many polar functional groups in fumonisins reduced sensitivity and resolution because of general streaking and overlapping of interfering spots on silica gel. In many in-stances, high performance silica gel plates 4, 13 were needed to resolve the fumonisins. One disadvantage of silica gel TLC was the need to dry the sample spotting area, prior to developing the plate, to remove water from the spotting solvent (acetonitrile : water, 1: 1). 13 This precaution was eliminated by using C l8 TLC, and the chromatography was much easier to manipulate than on silica gel. Potassium chloride had a dramatic affect on the mobility of the fumonisins on C 18 plates. Fumonisin B 1 ran at, or near, the solvent front in the mobile phase methanol: water (3:2). However, the addition of KCl to the mobile phase caused a dramatic reduction in the R f (0.5) of fumonisin B,. This phenomenon remains unexplained, but the KCl step was incorporated into the method to increase the sensitivity and resolution of the C 18 TLC system. Visualization of the fumonisins with fluorescamine increased the specificity and sensitivity of the method over the p-anisaldehyde detection spray, which relied on nonspecific acid charring. The C l8 TLC plates could be sprayed with the aqueous buffer and boric acid without causing band spreading. Because of the low detection limit that can be achieved with this procedure, a sensitive method for confirmation was needed. Hydrolysis of the fumonisins to their respective C 18 amino-alcohol backbone structures followed by TLC with the fluorescamine spray for detection worked well for confirmation. The C 22 amino-alcohol backbone compounds had significantly lower R f s than their parent compounds and were easily detected with the fluorescamine spray reagent.
University test plots were the ideal vehicle for a statewide survey of corn. These plots were located in all regions of the state (diverse soil and growing conditions), a number of hybrids were grown at each site, a number of parameters (e.g., yield, climatic conditions) were closely monitored, there were both dry land and irrigated test plots, and samples were already being collected at each site for moisture measurements, seed stock, etc.
Fifteen percent of the corn samples tested had detectable levels of fumonisin B 1 (Table 1 ). Because these levels were low, no attempt was made to measure fumonisin B 2 . The highest percentage of fumonisin B 1 contamination was in Barton County (43%), and the lowest was in Boone County (3%). No correlation was found between fumonisin contamination and yearly (Table 1) or weekly (data not shown) rainfall. No other mycotoxins (aflatoxins, citrinin, DAS, T-2 toxin, sterigmatocystin, ochratoxin A, vomitoxin, or zearalenone) were detected in these corn samples when tested by a modification of a method described previously! In general, growing conditions were good in 1990 and myctoxin contamination was not reported in the midwest corn harvest, suggesting that these fumonisin B 1 levels may represent yearly background levels. Diagnostically, this TLC procedure can be used to initially screen corn or corn-containing feed samples for the fumonisins, thus reducing the number of samples requiring quantitative analysis for the fumonisins by HPLC analysis in the laboratory.
